Conjugates of cis-4-hydroxy-L-proline and poly(PEG-Lys), a water soluble poly(ether urethane): synthesis and evaluation of antifibrotic effects in vitro and in vivo.
Synthetic approaches for the preparation of macromolecular conjugates of the antifibrotic agent cis-4-hydroxy-L-proline (cHyp) were explored, and the efficacy of the conjugates in inhibiting collagen accumulation was investigated in vitro and in vivo. In one approach, poly(PEG-Lys), an alternating copolymer of poly(ethylene glycol) (PEG) and lysine, was used as the carrier. To prepare pendent chain systems, cHyp was attached to poly(PEG-Lys) through an amide linkage [poly(PEG-Lys-cHyp amide)] or through an ester linkage [poly(PEG-Lys-cHyp ester)]. In an alternative approach, cHyp was incorporated into the backbone of a linear copolymer consisting of PEG, succinic acid, and cHyp units [poly(PEG-succinate-cHyp)]. Bioactivity in vitro was assessed by the ability of the cHyp conjugates to inhibit growth of cultured smooth muscle cells (SMC) and rat lung fibroblasts (RLF). Cell numbers were compared to control experiments in the presence of biologically inactive trans-4-hydroxy-L-proline (tHyp). After a 5 day period, the presence of 8 micrograms/mL of cHyp delivered by poly(PEG-Lys-cHyp amide) resulted in a 47% reduction in the number of SMC (p < 0.05), the presence of 36 micrograms/mL of cHyp delivered by poly(PEG-Lys-cHyp ester) resulted in a 38% reduction in the number of SMC (p < 0.05), while the presence of 118 micrograms/mL of cHyp delivered by poly(PEG-succinate-cHyp) resulted in a 31% reduction in the number of cells (p < 0.05). An identical trend was observed for the inhibition of RLF growth. In general, poly(PEG-Lys-cHyp amide) was most active, followed by poly(PEG-Lys-cHyp ester) and the backbone system, poly(PEG-succinate-cHyp). Specifically, poly(PEG-Lys-cHyp amide) was over 100-fold more active in inhibiting cell growth than free cHyp. Bioactivity in vivo was evaluated by measuring collagen accumulation in subcutaneously implanted poly(vinyl alcohol) sponges in rats. Among the tested conjugates, poly(PEG-Lys-cHyp amide) was most active, reducing collagen accumulation in the sponge by 33% after 14 days relative to controls (p < 0.05). This result indicates that the covalent attachment of cHyp to poly(PEG-Lys) carries may be a useful strategy for the local inhibition of collagen accumulation in tissues.